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V. Experiments on Hepatic Ain 
By Richard Kirwan, Efq. F. R. S* 


Read December 22, 1785. 

e EPATIC Air is that fpecies of permanently elaftic fluid 
which is obtained from combinations of fulphur with 
"various fubftances, as alkalies, earths, metals, &c. It pof- 
fefles many peculiar and diftindt properties; among which the 
mod; obvious are, a difagreeable charadteriftic fmell emitted by 
no other known fubftance; inflammability, when mixed with 
a certain proportion of refpirable or nitrous air ; mifcibility with 
water, to a certain degree ; and a power of difcolouring me¬ 
tals, particularly fiver and mercury. Thefe properties were 
firft difeovered by that incomparable analyft M, Scheeee. 

This air adds an important part in the oeconomy of nature. 
It is frequently found in coal-pits ; and the truly excellent and 
ever to be regretted M. Bergman has fhewti it to be the 
principle on which the fulphureous properties of many mineral 
waters depend, and thus happily terminated the numerous 
difputes which the obfcurity of that fubjedt had occafioned. 
There is alfo great reafon to think, that it is the peculiar pro- 
dudt of the putrefa&ion of many, if not all, animal fubftances. 
Rotten eggs and corrupt water are known to emit the fmell 
peculiar to this fpecies of air, and alfo to difcolour metallic fub¬ 
ftances 
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fences in the fame manner. M. Viellard has lately difeo- 
vered feveral other indications.of this air in putrefied blood. 

Yet, deferving as this fubfence appears to be of a thorough 
inveftigation, it has as yet been very little attended to. The 
experiments of M. Bergman have not been fufficiently nu¬ 
merous, and thereby led him into fome mifekes. Dr. Priestley 
has intirely overlooked it. The refearches of the ingenious M. 
Sennebier, of Geneva, have indeed’been very extenfive 
but as, for particular reafons, he operated on this air over 
water (by which it is in. great meafure abforbed) in Head of 
quickfilver, his conclufions appear in many refpedts objec- 
tionable, as will be feen in the fequel. The experiments I have 
now the honour of laying before the Society were all made 
over quickfilver,, and feveral times repeated, 

StCTIO N. E 

Qf the Subjlances that yield Hepatic Air , . and the means of? 

obtaining it. 

It is well known, X&vX falme liver of fulphur Is formed,’ ins 
the dry way, of a mixture of equal parts of vegetable or mi¬ 
neral alkali and flowers of fulphur, melted together by a mo¬ 
derate heat, in a covered crucible. I examined' the circum- 
fences of its, formation, and obferved, that when this mixture 
was flightly heated, it emitted a bhfife fmoke, which gra¬ 
dually grew whiter-as the hearwas increafed,. and at laft, when* 
the mixture was perfeftly melted, and the bottom of the cru¬ 
cible (lightly redi became perfectly white and inflammable. 
To examine the nature of this fmoke, I' made a pretty pure 
fixed alkali,, by deflagrating equal parts of cream of tartar and 

nitre.* 
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nitre in a red-hot crucible in the ufual way ; and mixing this 
fait perfectly dry with flowers of fulphur in much fmaller 
quantity, as I believe (for I did not weigh the fait, lead: it 
fhould, during the weighing, attract moiflure) I gradually 
heated the mixture in a fmall coated glafs retort, and received 
the air proceeding from it over quickfilver. 

The frit portion of air that paffed with a very gentle heat 
was that of the retort itfeff, flightly phlogifticated. It 
amounted to 1,5 cubic inches, and with Dr. Priestley’s ni¬ 
trous teft (thatis, aii equal meafure of nitrous air) its'goodnefs 
was 1,29. It contained no fixed air. 

The fecond portion of air obtained by increafing the heat 
amounted to about 18 cubic inches. It was of a reddifh colour, 
and feemed a mixture of nitrous and common air. It flightly 
a&ed on the mercury. 

The third portion confifled of 20 cubic inches, and appeared 
to be of the fame kind as the laft, but mixed with a little fixed 
air. 

This was fucceeded by 64 cubic inches of almoft perfectly 
pure fixed air ; and the bottom of the retort being now red, 
fome fulphur fublimed in its neck. When all was cold, liver of 
fulphur was found in the bulb of the retort. 

Hence we fee, that the blue fmoke confifts chiefly of fixed 
air, and the white or yellow fmoke of fulphur fublimed ; .and 
that no hepatic air is thus formed ; nor vitriolic air, unlefis the 
retort be fo large as to contain a fufficiency of common air to 
admit the eombuftion of part of the fulphur. 

aclly. That the aerial or any other acid, combined with the 
alkali, tnuft be expelled before the alkali will combine with 
■the fulphur. ’Liver of fulphur exercifes a ftrong folving power 
on the earth Of crucibles, and readily pierces through them. 

" The 
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The above'experiment feems to fhew that liver of fulphur 
#ift not hfe|>atic air without the additiorr of an aeid f and 
I believe this to be true when the experiment' is made in the 
dry-way, and nearly fo in the moift way ; for having added 
200 grains of fulphur to a Concentrated foluticin of ftrong 
cauftic vegetable alkali, by a ftrong and long-continued heat I 
obtained only i Cubic inch of hepatic aif ; yet it is. well known, 
that a ftrong- folution of liver of fulphur conftantly emits an 
hepatic fmeli, even in the temperature of the atmofphere» 
and the fubftauce fo emitted contains fo much hepatic air as to 
difcolour lilver ’ and lead, and even their folutions; which 
fhews, that an incomparably fmali quantity of this air is 
capable of producing this effeCt. To difcover whether this 
extrication of hepatic air might be caufed by the depofition of 
fixed air from the atmofphere, 1 threw fome pulverifed calca¬ 
reous hepar into aerated water, and by the application of heat 
endeavoured to obtain hepatic air, but in vain i and, indeed, 
the very circumftance that the hepatic fmeli, and its effe&s, 
are always ftrongeft the firft inftant that a bottle Of the 
hepatic folution is opened, feems to indicate that fixed air is no 
way concerned in its produ£lion. 

The beft liver of fulphur is made of equal parts of fait of 
tartar and fulphur; but as about one-fifth of the fait of tartar 
confifts of air which efcapes during the operation, it feems, 
that the proportion of fulphur predominates in the refulting 
compound; yet as fome of the fulphur alfo fublimes and burns, 
it is not eafy to fix the exad proportion, ioo grains of the 
beft, that is, the reddeft liver of fulphur, afford, with dilute 
marine acid, about 40 cubic inches of hepatic air, in the tem¬ 
perature of 6o°: a quantity equivalent to about 13 grains of 
fulphur, as will be feen in the fequel. 
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The marine acid is the beft adapted to the prodti&ion of 
hepatic air. If the concentrated nitrous acid be ufed, it will 
afford nitrous air; but having diluted fome nitrous acid, whofe 
ipecific gravity was 1,347, with 20 times its l>ulk of water, I 
obtained, with the afliftance of heat, as pure hepatic air as 
with any other acid. 

The concentrated vitriolic acid, poured on liver of fulphur, 
affords but little hepatic air without the afliftance of heat, 
though it inftantly decompofes the liver of fulphur ; and it is 
partly for this reafon that the proportion of air is fb fmall; for 
it is during the gradual decompofition of fulphureous com¬ 
pounds that hepatic air is produced. 

Diftilled vinegar extricates this air in the temperature of the 
atmofphere; but it is not pure, its peculiar fmell being mixed 
with that of vinegar. 

The acid af fugar alfo produced fome quantity of this air in 
the temperature of 59 0 . 

20 grains of fedative fait , or acid (as it fhoutd more properly 
be called) diflolved in an ounce of water, being poured on liver 
of fulphur, afforded hepatic air only when in a boiling heat, 
or near ly fo. 

Neither the aerial nor arfenical acids produce any. 

Liver of fulphur is foluble not only in water but in fpirit of 
wine, and in cauftic volatile alkalies; and the colour of both 
folutions is red. fulphur is precipitable from the former by 
the addition of water or of an acid, hut from the latter only 
by an acid. 

Having anade fome liver of fulphur, in which the pro¬ 
portion of fulphur much exceeded that of the alkali, I 
poured on part of it fome oil of vitriol, whofe Ipecific gravity 
was * ,863: by this means I obtained htpatic air, fo loaded 

with 
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with fulphur, that it depofited focne in the tube through 
which it was tranfmitted, and on the upper part of the glafs 
receiver. This air I transferred to another receiver; but 
though it was then perfectly clear and tranfparent, and amounted 
to 6 cubic inches, yet the next morning the infide of the glafs 
was thickly lined with fulphur, and the air reduced to i cubic 
inch, which was pure vitriolic air. Hence it appears, fir ft, that a 
fpecies of elaftic fluid may exift in a ftate intermediate between 
the aerial and the vaporous, which is not permanently elaftic' 
like air, nor immediately condenfed by cold like vapour, but 
which, by the gradual lofs of its fpecific heat, may be reduced 
to a Concrete form. 2tUy, That fo large a quantity of fill- 
phur may be combined with vitriolic air, as to enable it to ex¬ 
hibit the properties of hepatic air, for fome time at leaft. A 
mixture of three parts pulverifed quick-lime and one part ful¬ 
phur, heated to whitenefs in a covered crucible for one hour, 
became of a ftony hardnefs, and being treated with marine 
add, afforded hepatic air. If a piece of this ftone be heated 
in pure water it becomes bluifh, and hence the origin of the 
blue marles generally found near hot fulphurated waters. 

A calcareous hepar may alfo be formed in the moift way, as 
is well known. 

Magnefia free from fixed air, heated in the fame manner 
w ith fulphur, afforded no hepatic air when an acid was poured 
on it. 

I alfo procured this air from a mixture of three parts filings of 
iron and-one of fulphur, melted together, and treated w r ith 
marine acid. It is remarkable, that this fulphurated iron, dif- 
folved in marine acid, affords fcarce any inflammable, but 
nioftly hepatic air. 

R 2 
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A mixture of -equal parts filings of iron and fulphur, 
made into a pafte with Water, after heating and becoming' 
black, afforded hepatic air when an acid was poured on it; but 
this hepatic air was mixed with inflammable air, which pro¬ 
bably proceeded from the uncombined iron. After a few days, 
this pafte loft its power of producing hepatic air. 

M. -Bergman has remarked, that Combinations of fulphur 
with fome other metals yield hepatic air. 

I attempted extracting air from a mixture of oil of olives with 
cauftic vegetable alkali. It immediately whitened, and on ap¬ 
plying heat cffervefced fo violently as to pafs over into the 
receiver : nor had I better fuccefs on adding an acid, as I might 
well forefee. The event was different when on a few grains of 
fulphur I poured fome of the oil, and heated them in a phial 
with a bent tube; for as foon as the fulphur melted, the oil 
began to aCt on it, grew red, and emitted hepatic air, fimilar 
to that produced by other procefles. 

I alfo obtained this air in great plenty from a mixture of equal 
parts fulphur and pulverifed charcoal , out of which its adventi¬ 
tious air.had been as much as poffible expelled by keeping it a 
long time heated to rednefs, in a crucible on which a cover 
was luted, with a fmall perforation to permit the air to efcape. 
This air was inflammable, as appeared by holding a lighted 
candle before it during its emiffion; yet it is hardly poffible to 
free charcoal wholly from foreign air, for it foon re-attra£ts it 
when expofed to the atmofphere. 

This laft mixture, when diftilled, affording a large quantity 
of hepatic and fome inflammable air, without the addition of 
any acid, I ynagined, that as the retort was only half full, it < 
might contain a fufficiency of atmofpheric air to idmit«tbe 
combuftion of part of the fulphur, and thus furnifh the necef- 
4 fary 
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fary' acid; but when I filled the retort with air phlogiflicated 
by the nitrous teflr unto 1,8, and in this air diftilled the above 
mixture, the refult was exadly the fafne as when the retort 
was filled with atmofpheric air. 

Six grains of pyrophorus, made of alum and fugar, efFer- 
vefeed* with marine acid, and afforded 2,5 cubic inches of he¬ 
patic air. This pyrophorus had been made fix years before, 
and was kept in a tube hermetically fealed, and for many fum- 
mers expofed to the flrongefl: light of the fun. It was fo com- 
bufltible, that fome grains of it took fire while it was intro¬ 
duced into the phial out of which the hepatic air Was expelled. 

A mixture of two parts %ohite fugar (previously melted in 
order to free it from Water) with one part fulphur, when heated 
to about 600 or 700 degrees, gave out hepatic air very rapidly. 
This air had a fmell much refembling that of onions; it con¬ 
tained lio fixed air, not faccharine, or other acid. But fugar 
and* fulphur, melted together, gave out no hepatic air when 
treated with acids. Water, fpirit of wine, and marine acid,; 
decompofe this mixture, dilfolving the fugar, and leaving the 

A mixture of fulphui* and plumbago afforded me no hepatic 
air. 

I then tried whether fulphur could combine with elaftic 
fluids, and the refults were as follows. 

12 grains 1 of fulphur, heated in a retort, filled with rbetallic 
inflammable air, afforded no hepatic air; though when the rCtort 
was cold, and for fome time expofed to the air, it fmelled of 
hepatic air. It is true, the heat I applied might be infufficient; 
for the inflammable air pafling over with a flight heat, the 
mercury afcended fo high into the neck of the receiver, that, - 
fearipg the rupture of the retort, I was obliged to interrupt 

the 
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the operation. I had no better fbccefs when the fulphur, pre¬ 
vious to its diftillation, had been moifteued with marine acid. 

Again, I expo fed 18 grains ; of liver of fulphur to fix cubic 
inches of fixed air, thermometer 70°, for four days. The 
liver of fulphur was (braewhat whitened on thefurface; the 
air had not an hepatic fmell, but rather that of bread. It was 
not converted into phlogifticated air, but feemed to have taken 
up fome fulphur, which lime-water feparated. It was not in 
the leaft diminilhed, and therefore feems to have received an 
addition of hepatic air, or rather of fulphur. 

I alfo expofed a quantity of fu\ph urea- martial pajle to fixed 
air, for five days. The fixed air was not diminifhed, but re¬ 
ceived a flight acceflion of inflammable air. The pafte itfelf, 
taken out of this air, and expofed to the atmofphere, heated 
ftrongly. 

Laftly, I expofed 3 grains of fulphur to about 12 cubic 
inches of marine air. It was not diminiflied in four days; nor 
was the fulphur fenfibly. On adding one cubic inch of water 
to this air, it was ablorbed all to one inch, and this had an 
hepatic fmell; fo that neither was the fulphur ctecompofed, 
nor the marine acid converted into inflammable air. The wa¬ 
ter had alfo an hepatic fmell, and evidently contained fulphur; 
for it precipitated the folution of filver brown mixed with 
white, and the nitrous folution of copper reddt/h brown, and 
when vegetable fixed alkali was dropped into it, let fall a white 
precipitate, namely, the fulphur. 
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SECTION IL 

Of the general Char often f Hepatic Air. 

I found the abfolute weight of this air by weighing k in a giafs 
hottle, previoufly exhaufted by Mr. Hurter’s new improved air- 
pump, whofe effect is fb confiderable as to leave in general only 
and frequently but Winr P art of unexhaufted air. This 
bottle contained 116 cubic inches nearly; and this quantity of 
hepatic air weighed 38,58 grains, the thermometer being then 
67°,5, the barometer 29,94, and M. SaussureY hygrometer 
84°, the weight of 1x6 cubic inches of atmofpheric air 
being at the fame time 34,87 grains; hence a cubic foot of 
hepatic air weighs, iii thefe circumfhnces, 574,7089 grains, 
and too cubic inches of it weigh about 33 grains; and its 
weight, relatively to that of common air, is as ‘10000 to 9038 *. 
This hepatic air w;is extracted from artificial pyrites by marine 
acid. 

The inflammability of this air has been already mentioned. 
It never detonates with common air; nor can it be fired, in a 
narrow-moulhed veflel, unlefs mixed with 3 confiderable pro¬ 
portion of this air. M. Scheele found it to inflame when 
mixed with two-thirds of this air. According to M. Sennebier 

* Hence the weight which I have affigned to common air in my fi'rft paper, after 
M. Fontana, is evidently erroneous; and, indeed, by that determination com¬ 
mon air would not; be evpn 700 times lighter than water, in the temperature of 
55 0 , and the barometer 29,5, which contradicts all barometrical and aerobatic 
experiments : and I cannot omit mentioning the very near agreement of the weight 
of common air here found with that refuUmg from the calculation of Sir Geo&ge 
Shuck it is fo great as ro differ only by 2 grains in a cubic foot. 
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Jit cannot be fired by the ele&ric fpark, even when mixed with any 
proportion of refpirable air. I found a mixture of one part of he¬ 
patic air and 1,5 of Mmd&uPaif ti btirn^blue, without flafiring 
-or detonating., During the combuftioti fulphur is conftantly 
depofited, and a fmell of vitriolic air is perceived. A mixture of 
half hepatic at^d. half ; nitrou|.air burns .with a bluifl^green, 
and yellow'lambent flame ;, fulphur ’ is, alfo depofited, and in. 
proportion as this is formed, a caddie dipped in this air burns 
more weakly, and is at laft: extinguished. A mixture.of* two 
parts nitrous and one of hepatic air partially burns, with a 
green flame, and a candle is extinguiflied in the refiduum, 
which then reddens on coming in contact with atmofpheric air. 
I made a mixture of one part nitrous and one part hepatic air, 
and to this admitted one part alfo of common air; the inftant 
the common air was introduced, fulphur was precipitated, 
and the three meafures occupied the fpace of 2,4 meafures; 
this burned on the furface with a wide greenifh flame, but 
the candle was extinguifhed when funk deeper. 

A mixture of four parts common air and one part hepatic 
burned blue and rapidly; but. a mixture of one part dcphlo- 
gifticated and one part hepatic, which had flood eight days, 
went off with a report as loud as that of a piftol, and fo inftan- 
taneoufly that the colour of the flame could fcarce be difcerned. 

Every fpecies of hepatic air turns th e, tindiurc of litmus red; 
M. Bergman feems to think, that, if this air were waftied, 
it would not produce this effect; yet, when I had pafled two 
meafures of it through one of water, or when I had boiled it 
out of water impregnated with it, or even when I pafled that 
which had already reddened litmus, into a frelh quantity of 
litmus, it ftill preferved the fame property, Which I therefore 
confider as eflential to it. 


With 
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With refpcT to felubility in water , hepatic airs extracted 
from different materials differ confiderably. In the temperature 
of 66°, water diffolves, by flight agitation, two-thirds of its 
bulk of alkaline or calcareous hepatic air, extracted by marine 
acid; three-fourths of its bulk of martial hepatic air, extracted 
by the fame acid; eight-tenths of that extracted by means of 
the concentrated vitriolic acid, or the dilute nitrous or faccha- 
rine acids in the temperature of 6o°; feven-tenths of fedative 
hepatic air; nine-tenths of acetous hepatic air, and of that 
afforded by oil of oliyes; and its own bulk of that produced 
from a mixture of fugar and fulphur. In general, I imagined 
that which required mod heat for its production to be mod: 
fbluble: though in fome in fiances, particularly that of acetous 
hepatic air, that circumflance does not take place. 

But the mofl remarkable phsenomenon attending the union 
of hepatic air with water is, that it is not permanent. Even 
water, out of which its own air had been boiled, in a few 
days after faturation with hepatic air grows turbid, and in a 
few weeks depofits mofl of it in the form of fulphur, though 
the bottle be ever fo well flopped, or fland inverted in 
water or mercury. Yet water no way decompofes hepatic air 
by abforbing it; for the part left unabforbed by a quantity of 
water is abforbable by a larger quantity of water, and burns 
like other hepatic air. Heat does not expel this air from water, 
until carried to the degree of ebullition. 

No fpecies of hepatic air, which I have examined, precipi¬ 
tates lime from lime-water , except the carbonaceous; and even 
this fcarcely produces a fenfible precipitation, unlefs a large 
quantity of it be made to pafs through a fmall quantity of 
lime-water. 
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The folution of acetous baro-felenite^ (that is,\j 3 onderous earth 
diffolved in diflilled vinegar) is rendered brown and turbid by 
this air, but that of marine baro-felenite is not altered; nor are 
the folutions of other earths. Metallic folutions, are affefted 
by it in the fame manner as by hepatic water, of which I {hall 
treat in the fifth fedtion. 

But of all the tells of hepatic air, the moft delicate and fen- 
fibleis the folution of fiver in the nitrous acid. This, according 
as the nitrous acid is more or lefs faturated with filver, becomes 
black, brown, or reddilh brown, by contact with hepatic air 
however mixed with any other air or fubfiance. When the 
acid is not faturated, or is in large proportion, the brown or 
black precipitate, which is nothing but fulphurated filver, is 
re- diflolved. 

It Ihould alfo be remarked, that all hepatic air is fomewhat 
diminifhed by long Handing on mercury, whofe fur face is then 
blackened by it. This is particularly the cafe of carbonaceous 
hepatic air, which certainly carries over and volatilizes part of 
the charcoal from which it is extracted, efpecially that portion 
of air which comes over in the great eft heat j this it depofits 
on the addition of water. 

SECTION III. 

Of the Abtion of Hepatic and other Aerial Fluids on each other. 

Six cubic inches of common and fix of hepatic air being- 
mixed with each other, and Handing over mercury for eight 
days, were notin the leaH altered in their dimenfions or other- 
wife ; though a diminution of a T i v th part might be perceived. 
The mercury was {lightly blackened. The event was the fame 

when 
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when three meafures of common and one of hepatic air were ufed. 
Water took up the hepatic air. .No fixed air was found. 

Five meafures of hepatic, and five of dephlogijiicated air fo 
pure that one meafure of it and two of nitrous air made only 
three-tenths,of a meafure, remained unaltered for eight days, 
the mercury only being blackened. No fixed air was produced, 
nor the dephlogifticated air phlogifticated. When the mixture 
was fired, it went off all at once with aloud report. 

Four meafures of phlogifticated and four of hepatic air re¬ 
mained undiminifhed for fixteen days: water then took up the 
hepatic, and left the phlogifticated air. 

Four meafures of inflammable and four of hepatic air remained 
unaltered for fix days. 

Two meafures of hepatic and two of marine acid air fuffered 
no diminution in three days. The mercury on which they 
ftood was not blackened. Water took up both, and precipitated 
the folution of filver black. 

The fame quantity of hepatic and fixed air remained four 
days without any fenfible diminution. Four meafures of water 
abforbed the greater part of both, had an hepatic fmell, preci¬ 
pitated lime from its folution, and alfo filver, as ufual. The 
refiduum extinguifhed a candle. 

But vitriolic , nitrous , and alkaline airs had very remarkable 
effects on hepatic air. 

Two meafures of hepatic being introduced to two of vitriolic 
air , a whitifh yellow depofition immediately covered both the 
top and fides of the jar, and both airs were, without any agi¬ 
tation, reduced to little more than one meafure; but the opa¬ 
city of the incrufted glafs prevented my then afcertaining the 
diminution with precifion. Hence I repeated this experiment 
more at large, in the following manner. To five meafures of 
vitriolic air (each meafure containing a cubic inch) I added one 

S 2 of 



132 Mr. Kir wan’s Experiments 

of hepatic air. In lefs than a minute, without any agitation,, 
the fides of the glafs were covered with a whitifh fcum, which 
feemed moift, and a diminution took place of more than one 
meafure. In four hours after, I introduced a fecond meafure of 
hepatic air, which was followed by a fimilar diminution and 
depofit. The next day I added three more meafures of this laft, 
at the interval of four hours between each ; and ftill finding a 
confiderable diminution after each, I the following day added 
another meafure; the diminution produced by this laft ap¬ 
peared to me not to exceed one meafure. I then poured off the 
refiduary air into another jar, and found it not to exceed three 
meafures; fo that here eleven meafures, namely, five of vi¬ 
triolic and fix of hepatic air, were reduced to three. Into one 
meafure of this refiduary air I introduced a lighted candle : it 
was immediately quenched. To the two remaining meafures 
I added one meafure of water: by agitation it took up four- 
tenths of its bulk. To part of the remainder I added nitrous 
air, which had no effect upon it. Another part of it extim* 
guifhed a candle. It had not a vitriolic fmell. 

The water which had taken up four-tenths of its bulk of 
this air did not precipitate lime ; nor did it affedl acetous baro- 
felenite in lefs than a quarter of an hour, and then produced a. 
very flight cloud. It feufibly reddened litmus, and precipitated 
the folution of filver white; and hence it appears to have taken 
up a very minute portion of vitriolic acid. And what was not 
taken up by water feems to have been mere phlogifticated air. 

I afterwards waftied the fulphur, which coated the jar,, with, 
diftilled water. This water flightly reddened litmus, precipi-; 
tated not only the acetous, but alfo marine baro-felenite co- 
pioufly, as well as marine and nitrous felenite; alfo the nitrous 
folutions of filver, lead, and mercury, all white. It even 
2 precipitated 
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precipitated lime from lime-water, forming a cloud in it, 
which neither the fixed nor volatile acid of vitriol can produce. 
Hence this water contained nothing hepatic; but, on the con¬ 
trary, a confiderable proportion of the aerial and vitriolic 
acids *. 

With nitrous air I made the following experiments. Firft, 
I found that two meafures or cubic inches of nitrous and two 
of hepatic air were little altered when firft mixed, even by- 
agitation; but after thirty-fix hours both were reduced to 
nearly one-third of the whole, but fomething more* Yellow 
particles of fulphur were depofited both on the mercury, and- 
on the fides of the jar, but the mercury was not blackened. 
The refiduary air had ftill an hepatic fmell, and was fomewhat 
further diminifhed by water;, and in the unabforbed part a 
candle burned naturally. The water had all the properties of 
hepatic water.- 

Perceiving by this experiment that I had not employed 
enough of nitrous air to condenfe the hepatic perfectly, to 
eight cubic inches of hepatic air I added nine of nitrous air, 
all at once;, a yellowilh cloud inftantly appeared, a flight white 
fcum was depofited on the fides of the jar, and the whole 
feemed diminflhed about two cubic inches, or between one- 
ninth and one-eighth, the temperature of the room being 
then 72 0 . L then- laid by the mixture, and in forty-eight' 
hours after, I found the whole reduced to fix cubic inches, and 
the top and fides of the jar covered with a white cake of ful¬ 
phur, the heat of the room being conftantly kept between- 
6o° and 70°. Finding the diminution to reach no further in 

Note, the vitriolic acid air here employed was the pureit pofiible* it was : 
e:&trafted from, fulphur diililled with precipitate per. fe* 
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twenty-four hours more, I -examined ■ the- refiduary, air; It 
exhibited the ^following appearances. 

i°, It had the fmell of alkaline air pretty ftrongly; at lead; 
that fmell iffued from the jar that Contained it after the air 
itfelf was poured into another jar. 

2 °, A candle burned in it naturally. 

3°, It did not affed tin dure of litmus or lime-water, or ace¬ 
tous barytes. 

4°, No fpecies of air had arty effed on it except the dephlo- 
gifiicated, with which it produced a flight rednefs and dimi¬ 
nution. 

5°, It produced a flight white precipitate in folution of 
fllver. 

It is plain, this air is the fame as that which Dr. Priest¬ 
ley calls dephlogifticated nitrous air, and which, I think, may 
more properly be called deacidijicd nitrous air. A further exa¬ 
mination of it would lead me too far from the prefent fubjed: I 
fhall therefore defer it until another opportunity. 

As it appeared to me, from the experiment mentioned in the 
fecotid fedion (in which I found fulphur precipitated from a 
mixture of nitrous and hepatic air, immediately after the ad- 
miffion of common air) that an uncombined acid in the nitrous 
air was the caufe of the precipitation of fulphur ; I attempted 
depriving nitrous air of any loofe acid it might contain, before 
I fhould mix it with hepatic air. 

i A, I made fome nitrous air from fllver very carefully over 
boiled and filtered water, and found it to contain an acid, for it 
Arongly reddened tindure of litmus. 

2dly, I admitted alkaline air to this nitrous air until it no 
longer caufed any cloud, and then waftied out the ammoniacal 
compound in difiilled water; after which I transferred this 

3 purified 
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purified nitrons air to the mercurial tub. It appeared to lofe, 
by privation of its acid, about one-fixth of its bulk; and it was 
diminifhed by common air juft in the fame manner as unpu¬ 
rified nitrous air is. 

Then to 8 cubic inches of this purified nitrous air I admitted 
all at once 7 cubic inches of hepatic air. No cloud, diminu¬ 
tion, or depofit, appeared; but in fix hours after (the tempera¬ 
ture of the room being all the time at 76°), the whole was 
reduced to 5 cubic inches; the diminution went no further 
eighteen hours after. Sulphur, much whiter than in the for* 
mer experiments, was depofited, and both in this and in the 
former experiments that part of it which, by the rifing of the 
mercury, was intercepted between it and the jar, was of a 
yellow and red fhining colour, and not black as that depofited 
on mercury ufually is. The refiduary air flafhed with fo much 
vehemence as to extinguifh the candle dipped into it, by the vio¬ 
lence of the blaft. The flame was exceeding white and vivid ; 
but it did not detonate in the leaft, but rather refembled de- 
phlogifticated air. The jar out of which it had been transferred 
had a (harp alkaline fmell. 

This air was not in the leaft diminifhed by nitrous air, even 
when heated to 150 degrees; which heat I contrived to produce 
by pa fling the upper part of the jar that contained this air 
into another wider jar, furnifhed with a perforated cork bottom, 
and filling this with water heated to that degree. 

Water poured into the jar in which the fuiphur was depo¬ 
fited, produced a blui'fh white cloud in folution of filvei*, 
though infipid to the tafte. 

Hence it appears to me, that, whatever this air may be, it 
had been deacidified by hepatic air ftill more perfectly than 

that 
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that in which a candle burns naturally; and that it is by n® 

means dephlogifticated. 

I>aftly, Alkaline and hepatic airs, perfedlly pure and mixed 
in proper proportions, would probably deftroy each other com¬ 
pletely, though I have not been able to effeft this intirely. 
Six meafures of hepatic air from liver of fulphur and 6 of alka¬ 
line air immediately throw up a white cloud, leave a whitifh 
fcum on the hides of the jar, and are reduced to about 1 mea- 
fure. On adding water this is reduced to about one-half; and 
in this I found a candle to burn naturally : but the following 
experiments, being made with more care, prove that this refi- 
duary air was only the common air of the veflels. 

To 6 cubic inches of calcareous hepatic air I admitted, all at 
once, 7 of alkaline air; a white cloud and a little white fcum 
at fir ft appeared ; but in a few feconds the whole was reduced 
to iix-fevenths of a cubic inch-, and on adding 2 meafures of 
water, only one-ninth of a cubic inch of air remained. This 
could .not be inflamed. The water, thus impregnated, preci¬ 
pitated a folution of filver black. In this experiment great 
care was taken to have each of the mixed airs as pure as poffi- 
ble, and the alkaline was admitted all at once, inftead of by 
different portions, merely with that view; and it is probable, 
that, if the due proportion were hit upon, nothing would 
remain. The fcum appears to be almoft liquid, and as foon 
as the jar is emptied of mercury, it breaks out into a white 
fmoke, with an exceeding fharp urinous fmell. 

Five meafures of martial hepatic air were, upon the admiflion 
of 51 of alkaline air, reduced to fomething more than one mea- 
fure, and upon the addition of water there remained but half a 
meafure; and this was inflammable, with detonation; the 

inflammable 
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inflammable air undoubtedly proceeding from the folution of 
the iron. 

Five cubic inches of faccharine hepatic air, mixed with 5 of 
alkaline air, were diminifhed more {lowly; for after five mi¬ 
nutes there ftill remained 4,5 cubic inches. I then added ano¬ 
ther meafure of alkaline air: in three hours after there re¬ 
mained but 1,25 cubic inches. In paffing this refiduum through 
water it was reduced to about half a cubic inch; and this 
burned with a blue lambent flame, without leaving a vitriolic 
fmell or any depofit on the glafs; fo that it clearly was inflam¬ 
mable air from the fugar. 

I once imagined I had obtained inflammable air from a mix¬ 
ture of alkaline air with hepatic air drawn from liver of ful- 
phur; but I afterwards found this inflammable air proceeded 
from a very flight contamination of zinc in the mercury over 
which my airs had been produced; the .alkaline air a£ted on 
this zinc, and rauft have produced the inflammable air; for 
when I afterwards received and mixed thefe airs over mercury, 
perfe&ly purified, I obtained no more inflammable air. 

SECTION IV. 

Of the Action of Hepatic Air , and Acid , Alkaline , and Inflam¬ 
mable Liquids , on each other. 

One meafure of oil of vitriol, whofe fpecific gravity was 1,863, 
abforbed two meafures of hepatic air all to one-tenth. The acid 
was whitened by a copious depofition of fulphur. I alfo intro¬ 
duced, over mercury, a meafure of red nitrous acid , whofe fpeci- 
fxc gravity was 1,430, to an equal meafure of hepatic air; red 
Vol. LXXVI. T 
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vapours inflantly arofe, and only one-tenth or one-twelfth of 
a meafure remained in an aerial form ; but as the acid afted on 
the mercury, I was obliged to carry the jar into the water tub* 
by which means-the whole was abforbed : no fulphur was here 
precipitated. 

I repeated this experiment in another manner. Having pro¬ 
duced 4,5 mealures of hepatic air over mercury, 1= transferred» 
them to the water tub, and inftantly by means of a fyphon blew 
into them one meafure of the above concentrated nitrous acid;; 
but though I managed as quickly a&< poffible, the hepatic air 
was fomething diminilhed by contact with the water, before the 
acid had entered the tube that contained the air. I then flopped 
the tube with a ground glafis ftopper, and laid it by for twelve 
hours; after which interval I found the liquor in the tube 
white and turbid, and but Weakly acid, much water having 
entered in fpite of my endeavours to exclude it. The remain¬ 
ing air (lightly detonated on prefen ting to it a lighted candle, 
and had an hepatic fmell. But as this hepatic air was obtained • 
from fulphureo-martial pafte, it does not prove that inflammable 
air enters into the compolition of other hepatic airs, derived 
from the union of fulphur with fubftances that do not yield' 
inflammable air. 

Finding it fo difficult to fubjeft hepatic air to the direct 
action of the concentrated nitrous acid, I diluted it to that pre¬ 
el fe degree at which it could not aft on mercury without the 
affiftance of heat, and then pafled through it an equal, bulk of 
the fame hepatic air; the acid was whitened, and eight-tenths 
of the air abforbed, and the refiduum detonated. Repeating, 
the fame experiment with hepatic air from liver of fulphur, I 
found ftiil more of it abforbed by the acid; but the refiduum 

no 
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no longer detonated, but burned with a blue and greenifli 
flame, and fulphur was depofited on the fides of the jar. 

Obferving this dilute acid to abforb nearly three times its 
bulk of alkaline hepatic air, I expelled this air from it by heat, 
but obtained only one-fixth of the air that had been abforbed? 
and in this a candle burned naturally. 

Two mealures of alkaline hepatic air, being expofed to one 
of ftrong marine acid\ were abforbed, by flight agitation, all to 
one-fifth of a meafure. A third meafure of air being then 
added, there remained, after fome agitation, but half a mea¬ 
fure. Sulphur was precipitated as ufual; but the mercury 
over which the acid flood attrafted it from the acid; for it was 
(blackened, which did not happen when the former acids were 
ajfed. The refiduum burned juft as pure hepatic air. 

Dijlilled vinegar abforbs nearly its own bulk of air, and be¬ 
comes (lightly whitened; but by agitation it may be made to 
take up about twice it bulk, and then becomes very turbid. 

One meafure of caujlic vegetable alkali ', whofe fpecific gra¬ 
vity was 1,043, abforbed nearly four meafures of alkaline he¬ 
patic air. It was at firft rendered brown by it; but after fome 
time it grew clear, fulphur was depofited, and the furface of the 
mercury blackened. This (hews that alkalies are not dephlo- 
/gifticated by filver or other metals, as Mr. Baume imagined, 
hut only cleared of part of the fulphur, which they commonly 
contain, it being formed by the tartar vitriolate contained in 
the plant, and coal, during combuftion. 

One meafure of caujlic volatile alkali, whofe fpecific gravity 
was 0,9387, abforbed 18 of hepatic air. If the cauftic liquor 
contained more alkali, it would abforb more hepatic air, as 6 
meafures of hepatic unite to 7 of alkaline air; and thus the 
ftrength of alkaline liquors, and their real contents, may be 

T 2 determined 
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determined better than by any other method. Alfo the fmoak- 
ing liquor of Boyle, which is difficultly prepared in the ufual 
way, may eafily be formed by placing the volatile alkali in 
the middle glafs of Dr. Nooth’s apparatus for making arti¬ 
ficial mineral waters, and decompoling artificial pyrites, or liver 
of fulphur, in the lower glafs, by marine acid. 

Oil of olives abforbs nearly its own bulk of this air, and ob¬ 
tains a greenifh tinge from it. 

But new milk fcarcely abforbs one-tenth of its bulk of this 
air, which is very remarkable, and is not in the leaf! coagu¬ 
lated. 

Oil of turpentine alfo abforbs its own bulk of this air, and 
even more; but then becomes turbid. Water feems alfo to 
precipitate this air from it, for when ffiaken with it a white 
cloud appears. 

Spirit of wine , whofe fpecific gravity was 0,835, ablorbed 
nearly three times its bulk of this air, and became brown. By 
this means fulphur may be combined with fpirit of wine much 
more eafily than by Count Lauragais’ method, the only 
hitherto known. Water precipitates the fulphur in part. 

Sulphurated fpirit of wine does not tinge litmus red; but it 
precipitates lime-water, as highly rectified fpirit of wine fingly 
does. It alfo precipitates and gives a brown colour to acetous 
baro-felenite, which fpirit of wine alone alfo does. It turns 
the foliation of filver black and reddiffi brown. Concentrated 
vitriolic acid precipitates the fulphur from it, which neither the 
nitrous nor marine acids can effedt. 

When hepatic air is mixed with an equal bulk of vitriolic tether, 
the bulk of the air is at firft increafed ; but afterwards half of 
it is abforbed, and a flight precipitation appears. The fmell of 
the .aether is mixed with that of the hepatic air; but on adding 
-j water 
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water it becomes very offenfive, refembling that of putrefying 
animal fubftances. 

To one meafure of hepatic air I added t,z of the nitrous 
folution of fher the air was immediately, without agitation, 
reduced to half a meafure, and the folution blackened. The 
remaining air admitted a candle to burn naturally. Hepatic air 
was aIfo abforbed, but not fo readily, nor in fuch quantity, by 
the folution of vitriols of iron and fiver ; that of fiver was 
blackened ; that of iron at firft became white, but by agita¬ 
tion darker. The refiduary air burned blue, as hepatic air 
ufually does. 


SECTION V. 

Of the Properties of Water faturated ‘with Hepatic Air. 

This water turns tindture of litmus red. 

It does not affedt lime-water. 

It does not form a cloud in the folution of marine, though 
it does in that of acetous baro-felenite. 

The folutions of other earths in the mineral acids are not 
altered by it. 

When dropped into a folution of vitriol of iron or marine 
fait of iron,l it produces a white precipitate. 

In nitrous fait of copper it caufes a brown precipitate, and 
the liquor is changed from blue to green. The precipitate re- 
diffolves by agitation. In vitriol of copper it forms a black 
precipitate. 

The folution of tin in aqua regia is precipitated by it of a 
yellowifh wh’te colour | that of gold, black; that of regains of 

antimony. 
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dnfimdtty, redat>d. yellow; that of platinet, red mixed with 

white. 

The folution of filvet in the nitrous acid , and alfo that of 
lead, whether in the acetous or nitrous acid, are precipitated 
-black, if the folutions are not perfectly faturated with metal, 
the precipitates will be brown or reddifh brown, and may be re- 
diffolved by agitation. 

The nitrous folution of mercury is precipitated'of ayellowifh 
brown ; that of fublimatecorroflve, yellow mixed with black.; 
but by agitation it becomes white. 

The nitrous folution of bifmutb becomes, by mixture with 
this water, reddifh brown, and even affumes a metallic ap¬ 
pearance; that of cobalt becomes dark; that of zinc. , of a 
dirty white; that of arfenic, in the fame acid, yellow mixed 
with fed and white, qrpiment and realgar being formed. 

If oil of vitriol , whofe fpecific gravity is 1,863, he dropped 
into hepatifed water, it renders it flightly turbid; but, ifthe 
volatile vitriolic acid be dropped into it, a bluifh white and 
much denfer cloud is formed in the water. 

Strong nitrous acid, whether phlogiflicated or not, caufes a 
Copious white precipitation.; but dilute nitrous, acid produces no 
change. Green nitrous acid, whofe fpecific gravity was 1,328, 
immediately precipitated fulphur from it. 

Strong marine acid produced a flight cloud; "hut neither 
diftilled; vinegar nor acid of fugar had any effe£l. 

It is faid by Mr. Bergman, that hepatifed water in a well 
clofed vefifel effe&s a folution of iron In a few days; but this 
experiment, on repeated trials, did not fucceed with me: nor 
could 1 difTolve any other metal in this water; the fulphur 
Indeed unites to many of them, -hut:forms an infoluble mafs ; 

J2. $0 
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fo that, I prefume, metallic fubftances can never be found in 
hepatifed mineral waters. 


SECTION VI. 

Of the Properties of Alkaline Liquors impregnated with Hepatic 

Air, 

I have already mentioned the proportion of air they are able 
to take up. Colourlefs fixed alkaline liquors receive a brownifh 
tinge from this air. The refiduum they leave is of the fame 
nature as the part they abforb. 

A cauftic fixed alkaline liquor, faturated with this air, precipi¬ 
tates barytes from the acetous acid, of a yellowifh white colour. 
It alfo decompofes other earthy folutions, and the colour of the 
precipitates varies according to-their purity, and perhaps this 
left might be fo far improved as to fupply the place of the 
Pruffian alkali. 

It precipitates the iblution of vitriol of iron, , and alfo ma¬ 
rine fait of iron, black; but this latter generally whitens by 
agitation. That which I ufed was very faturate. 

The folutions of fiver and lead are alfo precipitated blaclc 
with fome mixture of white; that of gold is alfo blackened j 
but tliat of flatina becomes brown. 

Solutions of (topper let fall a reddilh black or brown preci¬ 
pitate. 

Sublimate corrcfve by this teft difeovers a precipitate partly 
white and black, and partly orange and greenifh. 

In the nitrous folutipn of arfenic it forms a yellow and 
orange; and in that of regulus of antimony , in aqua regia, an 
orange precipitate mixed with black. 


Nitrous: 
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Nitrous folution of zinc, thus treated, fhews a dirty white ; 
that of bifmuth a brown mixed with white; and that of cobalt 
a brown and black precipitate. 

As Pruffian alkali always contains fome iron, it gives a pur¬ 
ple precipitate with this teft, which precipitate is eafily dif- 
folved. 

It turns tindure of raddilhes, which is my teft for alkalies, 
green. 

The adion of liver of fulphur on metallic fubftances in the 
dry way is defcribed by many authors, and particularly in an 
excellent Differtation by M. Engestrom; but its adion in 
the moijl way has not been mentioned, as far as l recoiled, by 
any. Hence I tried its effed on a few grains of iron, cop¬ 
per, lead, tin, zinc, bifmuth, regulus of antimony, and 
of arfenic. Putting each into a bottle, containing about three 
half ounces of liquid liver of fulphur, fo far diluted that its 
colour was yellow; in about fifteen days I found they all, 
except the zinc and tin, had attraded fulphur from the fixed 
alkali. Iron, arfenic, and regulus of antimony and lead, were 
moft altered ; copper next, and bifmuth leaft : but the liquors 
held none of the metals in folution; that which contained iron 
became green; on adding an acid fulphur was precipitated; if 
it held iron it could not at that period be deteded. 

Water faturated with the condenfed refiduum of alkaline and 
hepatic air, that is, with the pureft volatile liver of fulphur, 
does not precipitate marine felenite, though it forms a flight 
brown and white cloud in that of marine baro-felenite. 

It produces a black precipitate in the folution of vitriol of 
iron , and a black and white in that of marine fait of iron; but 
by agitation this laft becomes wholly white. 


It 
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It precipitates both vitriol of copper, and the nitrous fait of 
copper, red and brown. 

'Tin in aqua regia gives a yellowifh precipitate; gold a dilute 
yellow and reddifh brown ; platina a flefh-coloured precipitate; 
and regulus of antimony a yellowifh red. 

Silver is precipitated black; and fo is lead both from the 
nitrous and acetous acids. 

Sublimate corrof ve appeared for an inflant red; but foon after 
its precipitate appeared partly black and partly white. 

The nitrous folution of bifmuth affords alfo a precipitate, 
partly black, partly white, and partly reddifh brown, and of 
a metallic appearance; that of cobalt is alfo black or deep 
brown. 

Arfenical folutions give yellow precipitates more or lefs red ; 
but thofe of zinc only a dirty white. 

All thefe colours vary in fome degree, according as the 
liquors are more or lefs faturated previous to and after their 
mixture, and the time they have flood together. 


SECTION VII. 

Of the Conjlitution of Hepatic Air. 

From an attentive confideration of the above experiments, 
which I purpofely difengaged from all theory, it is difficult to 
conclude, that hepatic air confifts of any thing elfe than ful- 
phur itfelf, kept in an aerial ftate by the matter of heat. 
Every attempt to extract inflammable air from hepatic air, 
when drawn from materials that previouflv contained nothing 
inflammable, namely, from alkaline or calcareous hepars, 
Vol, LXXVI. IJ proved 
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proved abortive;: on the contrary, when the materials cotild 5 
previoufly fupply inflammable air, as when martial carbonaceous 
and faccharine compounds were employed, inflammable air, in 
ever fo (mall a proportion, was detected :, nor could hepatic air 
be procured from the direct union of inflammable air and ful¬ 
phur,. as we have feen. 

Some have imagined, that this air. confifts of liver of^fulr 
phur itfelf volatilized, and confequently that an alkali enters 
into its composition ; but many weighty reafbns oppofe this 
fuppofitioru In, the firfl: place this, air is. evidently, though 
weakly acid-, fines it reddens litmus, and precipitates acetous 
bara-felenite. 2dly, It may be, extracted, from materials that 
either contain no alkali at all, or next to none, as iron, fug^r, 
oil, charcoal: and, laftly, it is not decompofed by marine or fixed 
air, by which, neverthelefs, liver of fulphur is decompofable. 

I formerly thought that fulphur was held.in folution in he¬ 
patic air, either by vitriolic or marine air yet though both of 
them may hold fulphur in folution, as we have feen, ftill neither 
of them is efifential to the conftitution of hepatic air as filch, 
fince it is producible from materials that contain neither of 
thefe acids ; and, from whateverfubjeft it isobtained, it exhibits 
the characters of one and the fame acid, namely, the vitriolic 
exceedingly weakened ; and fuch an acid we may.fuppole fulphur 
itfelf tp be. 

In effeCt, fulphur, even in its concrete fiate, affords many 
characters of acidity,. It unites with alkalies, calcareous and 
ponderous earths, and' moll metals, as a weak acid might: 
and except a manifefl folubility in water (a property which 
Ibme other concrete acids alfo pofiefs in a very weak degree) it 
exhibits every character of acidity. But its acidity is the weakeft 
poffi.ble, fince it decompofes only acetous-, and not marine barer- 

felenite* 
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felenite, and is feparable from alkalies and earths by all other 
acids. 

That the matter of heat eaters into the compofition of this 
air, is evident from the experiments of M. Sciieele, who paid 
particular attention to that object. He found, that acids excite 
much lefs feniible heat in uniting with liver of fulphur, whe¬ 
ther alkaline or calcareous, than while uniting with a propor¬ 
tion of cauftic fixed alkali or lime equal to that which enters 
into the compofition of thefe livers ; whence he juftly infers, 
that the difference enters into the compofition of the hepatic air 
produced, I have proved the fame thing another way : for, 
in head of decompofing an alkaline hepar by marine acid, I 
tried to decompofe it by a faturate folution both of marine 
felenite and marine Epfom. The decompofition indeed took 
place, but no hepatic air was produced; for the acid having 
given out its fpecific heat on uniting to the earths, had none 
to lofe or communicate on uniting to the alkali, and confe- 
quently the fulphur receiving none could not be thrown into 
an aerial ftate. 

It is remarkable, that bodies capable of an aerial form re¬ 
ceive the latent heat neceflary for that fqrm, much more rea¬ 
dily from a body that parts with its fpecific heat than by the 
mere application -of fenfible heat- Thus aerated barytes can¬ 
not be decompofed by mere heat, as Dr. Withering has 
fhewn, though its air is eafily feparated from it by an acid ; 
and in the fame manner antimony cannot be defulphurated 
even by vitrefaction, though it may by acids: fo liver of ful¬ 
phur will not give hepatic air by mere heat, though it will 
by the intervention of an acid, even the weakefh The reafon 
of which feems to be this: the matter of heat has no parti¬ 
cular affinity with any fubftance, as is evident from its palling 

U 2 indifferently 
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indifferently from any hot body to a colder, of whatever fort 
or kind the bodies may be; but it is determined to unite with 
this or that body in a latent ftate, in greater or leffer quantity, 
in proportion to the greater or lefler capacity of theft bodies to 
receive it. Now acids, by uniting to the alkaline bafis of 
liver of fulphur, expel the fulphur, and give it their heat, at 
the injiant the fulphur, by its feparation, has the capacity to 
receive it; whereas fenfihle external heat, afting alike on both 
the conftituent parts of liver of fulphur, feparates neither; or 
if it feparates them, yet, by its fuccejjive action, it throws one 
of them into a vaporous fate fir ft, and bodies that firjl acquire 
this ftate can never after acquire an aerial ftate by any fubfe- 
quent acceffion of heat. 

The, vitriolic and nitrous acids are lefs adapted to the pro- 
d lift ion of hepatic air than the marine acid, though they con¬ 
tain more fpecific heat than the' mere acid part of the marine 
acid: the mold probable reafon of which is, becaufe they have 
a ftronger attraftion to fulphur itfelf, and fo detain it. 

Hepatic air is much difpofed to give out its latent heat, par¬ 
ticularly when in contaft with fubftances to which it has any 
affinity ; thus it is copdenfed in water in a few days; it is alfo* 
condenfed by long expofure to frefh furfaces of mercury or filver 
or other metals, particularly if they are moift. M. Bergman 
found it in great meafure condenfed into fulphur, when in- 
clofed alone in a bottle «. In this cafe it probably contained an 
excefs of fulphur ; for hot hepatic air is capable of keeping a 
farther quantity of fulphur in folutiou, and depofing it when 
cold, as I have frequently obferved. 

See a note in the fecond volume of M. Morveau^s tranflation of the fecond 
volume of BergmanVW orks, pu-‘H'U 
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The precipitation of metallic fubftances by this air is owing 
partly to the union and phlogiftication of the acids by this air, 
and partly to its union with the metals themfelves, for it evi¬ 
dently unites in moft cafes to both. 

As alkalies and fulphur are known to have an affinity to each 
other, we eafily underhand why hepatic and alkaline airs are 
condenfed when mixed with each other; nor is there any dif¬ 
ficulty in conceiving why hepatic air is not condenfed by com¬ 
mon, dephlogifticated, inflammable, or phlogifticated airs, or re¬ 
markably by marine air ; but it feems very extraordinary, that 
hepatic air and vitriolic air Ihould be condenfed, and in great 
meafure converted into fulphur by their mutual adtion on each 
other, particularly as they both feem nearly of the fame fpe- 
cies, or at lead; nearly allied to each other. The attraction of 
two bodies, thus circumftanced, is certainly very extraordi¬ 
nary ; yet that their union proceeds from attraction feems pretty 
evident, for concentrated vitriolic acid, and particularly vola¬ 
tile vitriolic acid, precipitates fulphur copioufly from hepatifed 
water. Volatile vitriolic acid frequently holds fome fulphur in 
folution, as appears from the experiments of Dr. Priestley 
and M. Berthollet ; and hence it depofits fome when it lofes 
its aerial form, or by mere length of time; but the whole of 
this condenfed air is not turned into fulphur, for the water that 
wafhed the precipitated fulphur took up a quantity of volatile 
acid and fixed air, as has beenfhewn. 

The condenfation of hepatic air by nitrous air feems owing 
tothe fame caufe; for when the nitrous air was in great degree 
deprived of fuperfluous acid, the condenfation of the hepatic 
was much flower ;, and that which after all took place feems 
to have been efifedled by the decompofition of the nitrous air, 
and the confequent extrication of an acid. 

The. 
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The decompofitions efFe&ed by fixed and volatile livers of 
fulphur obvioufly proceed in mod: cafes from a double affinity. 


S E C T 1 O N V 1 IT. 

Of Phofphoric Hepatic Air. 

As phofphorus, in refpedt to its conftituent parts, bears a 
ftrong refemblance to fulphur, I was naturally led to examine 
its phaenomena when placed in the fame circumftances: I 
therefore gently heated about to or 12 grains of phofphorus, 
mixed with about half au ounce of cauftic fixed alkaline folution, 
in a very fmall phial, furnfthed with a bent tube, and received 
the air over mercury. Upon the fir ft application of heat two 
fmall explofions took place, attended with a yellow flame and 
white fmoke, which penetrated through the mercury into the 
receiver; thefe were followed by an equable production of air. 
At laft the phofphorus began to fwell and froth, and fearing the 
rupture of the phial, I flopped the tube to prevent the accefs 
of atmofpheric air, and removed the phial to a water tub, 
intending to throw it in; but in the mean while the phial 
burft with a loud explofion, by reafon of an obftruflion in the 
tube, and a fierce flame immediately iflued from it. However 
I obtained about 8 cubic inches of air. 

This air was diminiffied very (lightly, by agitation with an 
equal bulk of water, and then became cloudy like white fmoke, 
but foon after recovered its tranfparency. Upon turning up 
the mouth of the tube to examine the water, the unabforbed 
air inftantly took fire, and burned with a yellow flame without 
exploding, leaving a reddiffi depofit on the fides of the tube. 

Water 
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Water impregnated with phofphoric air, and over which this, 
air had burned, flightly reddened tin&ure of litmus : 

Did not affeft Pruflian alkali: 

Had no effedt on the nitrous folutions of copper or lead ,, zinc, 
©r cobalt , nor on marine folution of iron or tin, or of tin in 
aqua regia, nor on the vitriolic folutions of iron , copper , tin* 
lead, zinc, rcgulus of antimony, arfenic, or manganefe ; nor on 
the marine folutions of iron y copper, lead, zinc, cobalt, arfenic, 
or manganefe. 

But it precipitated the nitrous folution of fiver black, and 
vitriol of filver brown; alfo nitrous folution of mercury made 
without heat brown and black; but vitriol of mercury firfl: 
became reddifo, and afterwards white; andfublimate corrofive 
yellow and red mixed with white* 

Gold diflolved in aqua regia is precipitated purplifo black, 
and from the vitriolic acid brownifo red and black ; but regains 
of antimony in aqua regia is precipitated white by this phof- 
phorated water. 

The nitrous folution of bifmutb foe wed firft a white, and 
prel'ently after a brown precipitate. Vitriol of bifmnth and 
marine fait of bifmuth were alfo precipitated brown; this latter 
re-diflolved by agitation. 

The nitrous folution of arfenic alfo became brown,, but re- 
diffolved by. agitation. 

1 , afterwards impregnated fome water, with this air, without 
fuffering the air to burn over it: it fcarcely affe£ted litmus*, 
did not precipitate lime-water ; but it caufed a black precipitate 
in folution of fiver, a white precipitate of r eg ulus of antimony : 
in yR., and a whitifo yellow in that of fublimate corrofve. 

To a meafure of this, air 1 let up a meafure of water, and 
through this fome £mall. bubbles of common air every bubble 
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flamed and produced a white fmoke until about half as much 
common air was introduced as there was originally of phofpho¬ 
ric; and yet the original bulk did not appear increafed; the 
flame each time produced a fmall commotion, and a fmoke de¬ 
fended after inflammation into the water: when flame ceafed 
to be produced, fmoke ftill followed the introduftion of more 
common air. Bubbles of phofphoric air, efcaping through 
mercury into the atmofphere, flame, crackle, and fmell, exactly 
like the eleftric fpark *. 

To a meafure of phofphoric air I let up a half meafure of 
nitrous air: a white fmoke appeared, with an exceeding flight 
diminution, and the tranfparency was foon reftored, a flight 
fcum being depofited on the fides of the jar. Another half 
meafure of nitrous air produced no fmoke or diminution ; but 
on adding water, and agitating the air in it, much more of it 
was abforbed. Upon turning up the jar the nitrous air firfl: 
efcaped in the form of a red vapour, and this was followed by 
a whitifli fmoke. The water had a phofphoric fmell, and pre T 
cipitated the folution of filver brown. In this experiment the 
acid of the nitrous air feems to have a£ted the fame part that it 
does in hepatic air. 

Phofphoric air was fcarce at all diminiflied by the addition of 
an equal meafure of alkaline air ; and water being put up to 
thefe, took up in appearance little elfe than alkaline air, yet 
on turning up the mouth of the jar, the refiduary air fmoked 
without flaming. 

* A few months after I made thefe experiments on phofphoric air, the tenth 

volume of the Memoires des Savans Etrangers was publifhed ; and in this I 
found, that the fpontaneous inflammation of this air was known to M. Gin- 
cembre in the year 1783* His experiments are now publifhed in Rozier’s 
Journal for O&ober, 1785. 
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The water, thus impregnated, had exactly the ftneil of onions: 

It turned tin&ure of radifties green. 

It precipitated foiution of fiver black; and that of copper iti 
the nitrous acid brown; but this precipitate was re-diflolved by 
agitation, and the liquor became green. Sublimate corrofve 
was precipitated yellow mixed with black. 

Iron was precipitated white; both froti4 f the Vitriolic ahd 
urtarine acids; but a pale yellow folutidh of it in the nitroui 
acid was not affe&ed; and a red foiution of it in the fame acid 
was only congrumated. 

Regulus of antimony in aqua regia gave a white, cobalt in 
nitrous acid a very (light reddifh, and bifmutb in the fame acid 
a brown precipitate. 

But neither the nitrous foiution of lead or zinc, nor that of 
tin in marine acid or aqua regia, nor that of regulus of anti¬ 
mony in aqua regia, were any way affected. 

Fixed air , mixed with an equal proportion of phofphoric air, 
produced a white fmoke, fome diminution, and a yellow de- 
pofit. On agitating the mixture in water, the fixed air was 
taken up all to one-tenth* The refiduum fmoked, but did 
not inflame fpontaneoufiy. 

To a fmall portion of phofphoric air I introduced fome 
precipitate per fe. It foon grew black, and a white fmoke 
appeared. In two days the precipitate remained folid, yet 
acquired a (hining pale white' colour, like that of fteel: the 
air loft its fpontaneous inflammability; but I am not certain 
that this want of inflammability did not proceed from fome 
other caufe; for two days after I made this air, I found a quan¬ 
tity of it, which had refted all night on water, had depolited a 
yellow fcum on the fides of the jar, and loft its fpontaneous 
inflammability next morning. The temperature of the air was 
Vol. LXXVI. X then 
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then 53 0 ; and when it inflamed before, the temperature 
was 68°. 

From thefe few experiments, which the final 1 quantity of 
air I then obtained did not fuffer me to repeat, I think we may 
conclude, that phofphoric air is nothing elfe but phofphorus 
itfelf in ah aerial ftate, and differs from fulphur in this, among 
other points, that it requires much leis latent heat to throw it 
into an aerial form, and hence may be difengaged from fixed 
alkalies, without the affiftance of an acid. 




